The aim of the present study was to characterize expression and mutation of p53 during the neoplastic progression from Barrett's esophagus to adenocarcinoma and to test the reliability of immunohistochemistry for p53 overexpression as an indicator of p53 mutation in this context. The association of both gene mutation and protein accumulation with clinicopathological findings and survival was also studied. A total of 77 samples from 30 esophagectomy specimens with Barrett's esophagus and adenocarcinoma of patients in longitudinal clinical follow-up were analyzed. Different lesions (intestinal metaplasia, dysplasia, and adenocarcinoma) as well as normal squamous-cell esophageal epithelia were sampled from formalin-fixed, paraffinembedded tissues by microdissection. Mutations in p53 Exons 5 to 9 were detected by polymerase chain reaction-single-strand conformation polymorphisms (PCR-SSCP) and confirmed by direct DNA sequencing. Nuclear accumulation of p53 protein was analyzed immunohistochemically from tissue sections adjacent to those used for microdissection. p53 gene mutations were found in 17 and p53 protein accumulation were found in 20 tumor samples. Of the 17 adenocarcinomas with a p53 mutation, 16 stained positive for p53 protein. p53 mutations were detected significantly more frequently in high-grade dysplastic than in low-grade dysplastic lesions (77% versus 29%, P < 0.01). In contrast, nuclear accumulation of p53 was detected in 85% of high-grade and 71% of low-grade dysplastic lesions. In eight cases with p53 mutation, the mutation identified in the tumors was also detected in premalignant lesions, mainly in high-grade dysplasia. In four cases of p53-mutated tumors, clones with different p53 mutations were detected in premalignant lesions. Neither p53 mutations nor p53 protein accumulations were found in metaplastic lesions. In summary, we found that p53 mutations occurred mainly during the transition from low-grade to high-grade dysplasia in the neoplastic progression of Barrett's esophagus but not in the nondysplastic Barrett's mucosa. Mutational analysis of p53 by PCR-SSCP and p53 accumulation by immunohistochemistry were mostly concordant in adenocarcinoma and high-grade dysplastic lesions but frequently discordant in low-grade dysplastic lesions. No correlation between p53 gene mutation or p53 accumulation and clinicopathological findings was observed in this study.
Barrett's esophagus represents a peculiar form of healing in the lining of the distal esophagus that occurs in response to chronic gastroesophageal reflux (1, 2) . The most important clinical significance of this disease is the associated predisposition to adenocarcinoma of the esophagus and gastric cardia (3, 4) . It is hypothesized that cancer does not arise in Barrett's esophagus de novo but as a result of progression from a metaplastic intestinal epithelium through increasing degrees of dysplasia and finally to invasive carcinoma (5) (6) (7) (8) . An increased understanding of molecular alterations during this neoplastic progression might allow improvement of tumor control and prevention and eventually lead to better management of the disease.
The p53 tumor suppressor gene encodes a nuclear phosphoprotein, which functions as a transcription factor that controls the expression of many genes important in the regulation of the cell cycle. This phosphoprotein is also a factor in triggering apoptosis after certain types of genomic damage (9) . Deletion of one allele in the short arm of Chromosome 17 and a functionally inactivating mutation of the other allele at the specific location are among the most common genetic abnormalities documented in human cancers (10) . Numerous studies have found evidence to suggest that p53 inactivation contributes to the development of Barrett's esophageal adenocarcinoma. Casson et al. (11) first demonstrated p53 mutations in Barrett's adenocarcinoma and premalignant lesions. Later, p53 gene mutations were found to be common and to develop as relatively early events in the progression to cancer in Barrett's esophagus (12) . These results have been reconfirmed by many other investigators (13) (14) (15) . A close association between 17p allelic loss and p53 gene mutation has also been found (16) . Additional evidence for the involvement of p53 mutations in the neoplastic progression toward Barrett's adenocarcinoma comes from studies of p53 protein overexpression by means of multiparameter flow cytometry and immunohistochemistry (17) (18) (19) . Some studies have correlated p53 alterations with clinicopathologic findings and outcomes (20 -22) . However, despite the presence of increasing amounts of information, the precise role of p53 alterations in the natural history from benign to malignant lesions in Barrett's and the potential clinical significance of these observation remain unclear (23) .
Wild-type p53 protein has a short half-life, and the level present in the nucleus of normal cells is below the sensitivity of immunohistochemical detection. Missense mutations in p53 gene result in a protein with a prolonged half-life that then accumulates in the nucleus (24) . The increased levels of p53 are because of metabolic stabilization rather than overexpression (25) . p53 protein overexpression detected by immunohistochemistry (IHC) has been proposed as an indirect method of detecting a p53 mutation. It is relatively cheap, quick, and easy compared with other techniques, such as DNA sequencing or polymerase chain reaction singlestrand conformation polymorphisms (PCR-SSCP). In addition, the technique is available in most pathology laboratories.
Studies on colorectal and ovarian cancer have shown that mutation of the p53 gene and overexpression of p53 protein are significantly correlated (26, 27) . In contrast, these features are not correlated in lung or head and neck cancers (28) . How p53 gene mutations and p53 immunoreactivity correlate in preneoplastic lesions of Barrett's esophageal mucosa and their associated cancers has not been extensively studied.
The aims of the present study were to characterize expression and mutation of p53 during the progression of Barrett's esophagus to adenocarcinoma; to test the reliability of immunohistochemistry (IHC) as an indicator of p53 mutation; and to evaluate the association of both gene mutation and protein accumulation with pathological findings and survival.
MATERIALS AND METHODS

Tissue Samples
Thirty esophagectomy specimens for adenocarcinoma developed in a Barrett's esophagus between 1986 -1996 were selected from the files of the Institute of Pathology at the University of Lausanne, Lausanne, Switzerland. Patients had received neither radiation therapy nor chemotherapy before surgery. The age of the patients (27 men and 3 women) ranged from 46 to 86 years and averaged 65 years. Follow-up results were available for 25 patients. Samples were formalin fixed and paraffin embedded. All available histological sections, which had been collected by mapping of the lesions as described for gastric carcinomas (29) , were re-examined by two pathologists (MCO and CF). Five lesions were selected from each esophagectomy specimen, which resulted in 77 samples encompassing 30 invasive adenocarcinomas, 17 metaplasias, 17 lowgrade (LG) dysplasias, and 13 high-grade (HG) dysplasias. For each patient, a sample of normal squamous epithelium was also studied.
Diagnosis and Grading
Hematoxylin and eosin-stained slides were screened to identify the different lesions. Barrett's esophagus was diagnosed when metaplastic epithelium (columnar epithelium with goblet cells) was present above the macroscopically identified gastroesophageal junction. Dysplasia was graded into two categories, low grade and high grade, based on the degree of cytonuclear and architectural atypia (30) . Tumors were graded into well-, moderately and poorly differentiated adenocarcinoma and the depth of invasion was defined according to the UICC TNM classification of malignant tumors, fifth edition 1997.
Detection of p53 Mutation by Nonradioactive SSCPs
After deparaffinization in xylol and methanol, esophageal adenocarcinoma and premalignant lesions were carefully removed from the sections by microdissection, as described elsewhere (31) . DNA was prepared by digestion with proteinase K, treated with Chelex, extracted with phenol/chloroform, and then precipitated with ethanol (31). The methods for nonradioactive PCR-SSCP have been previously described in detail (32) . Primers for Exons 5 to 9 of the p53 gene have also been described (33) .
Direct DNA Sequencing
After SSCP, the mutation-specific band observed on 30% nondenaturing MDE gel was cut out and reamplified using the same primers. The PCRamplified DNAs were purified using a QIAquick PCR purification Kit (Qiagen, Germany), and the purified product was sequenced on an ABI PRISM 310 automatic sequencer using the dideoxy dye termination method.
Immunohistochemical Analysis
All the selected tissue samples were examined by immunohistochemistry using the Strept ABComplex/HRP Duet Kit (DAKO, Denmark) and visualized with 3,3'-diaminobenzidine. The monoclonal mouse anti-human p53 protein (Clone DO-7, DAKO, Denmark), which is known to recognize an epitope between amino acids 19 to 26 and to react with wild-type and mutant p53 protein, was used in this study (diluted 1:500, 26.8 ug/mL). Two staining patterns were distinguished: positive, when more than 10% of nuclei were positive, in clusters or scattered through the tissue; and negative, when no or only a few cells (Ͻ10%) showed a nuclear staining.
Statistics
The 2 test was used for univariate analysis, and unweighted logistic regression for the multivariate analysis.
RESULTS
p53 Mutation and Protein Accumulation in Adenocarcinomas
p53 gene mutations, confirmed by direct DNA sequencing, were found in 17 of the 30 (57%) adenocarcinomas (Table 1) . In these tumors, p53 gene mutations were distributed as follows: seven in Exon 5, one in Exon 6, six in Exon 7, and three in Exon 8. No mutation was found in Exon 9. There were 15 point mutations and 2 deletions (one of 10 bp and another of 19 bp). G:C to A:T transition was found rather frequently (7/17, 41%), and among them, five occurred at CpG sites. Five G:C to T:A transversions (one of them resulting in a stop codon) were also present.
Tissue sections adjacent next to those used for microdissection were analyzed in the same region by IHC. p53 protein accumulation was found in 20 of the 30 adenocarcinomas (67%). Nuclear staining was characteristic, and no cytoplasmic staining was noted (Fig. 1A) .
Of 17 adenocarcinoma cases with p53 mutation, 16 also showed p53 protein accumulation. One case with a 10-bp deletion in the p53 gene, resulting in the production of a partially different p53 protein, showed no staining by IHC (Case 7). Nuclear accumulation of p53 protein was found in all 14 cases with missense mutation of the p53 gene. In 4 of the 13 cases which p53 mutations were negative by PCR-SSCP, p53 protein accumulation was observed.
p53 Mutation and Protein Accumulation in Premalignant Lesions
To investigate whether p53 mutations occurred consistently throughout the Barrett's epithelium, SSCP analysis was used to screen premalignant lesions (metaplasia, LG and HG dysplasia) sampled from all 17 cases in which a p53 mutation was found in the adenocarcinoma (Table 1) . p53 mutations were detected significantly more frequently (P Ͻ 0.01) in HG-dysplastic (10/13; 77%) than in LG-dysplastic lesions (5/17; 29%). In 47% (8/17 cases) of tumors with a p53 mutation, the same mutation was also detected in at least one premalignant lesion. In four cases, the p53 mu- 
Ex7:249/AGG3ACG tation detected in the premalignant lesions differed from those in the associated adenocarcinomas. No p53 mutation was observed in metaplastic lesions. p53 overexpression was detected in 85% (11/13) of specimens with HG dysplasia and in 71% (12/17) of those with LG dysplasia. No p53 protein accumulation was found in the 17 intestinal metaplastic lesions without dysplasia (Fig. 1) .
Positive p53 staining was found in 13 of 15 (87%) premalignant lesions with a p53 mutation. The nonconcordant cases were two HG dysplastic lesions, one of which showed a 10-bp deletion that was also IHC negative in the tumor, and the other associated with an IHC-positive adenocarcinoma that had the same p53 mutation. Of the 15 dysplastic lesions negative by PCR-SSCP, 9 (60%) were p53 positive by IHC ( Table 1) . Most of them (7/9, 78%) were LG dysplasia (Fig. 1) .
p53 Alterations and Clinicopathological Parameters Table 2 provides the correlation between alteration of p53 and clinicopathological parameters. p53 mutation and p53 protein accumulation were analyzed according to patient gender, tumor histological type, pathologic stage, and survival. The incidence of p53 mutation and nuclear overexpression was higher in patients with lymph nodes metastasis, but the difference was not statistically significant. No significant differences were found according to the gender of patients or pathological characteristics of the specimens. The five patients lacking follow-up data were excluded from survival analysis. No differences in survival were observed between the patients with p53 mutations or p53 protein accumulation in esophageal adenocarcinoma and those without.
DISCUSSION
Using molecular and immunohistochemical techniques, we characterized the spectrum of p53 alterations during neoplastic progression in Barrett's esophagus and assessed their correlation with survival for patients with esophageal adenocarcinoma. In 30 cases of Barrett's esophageal adenocarcinoma, p53 mutations were found in 17 cases (57%), whereas p53 protein accumulation was detected in 20 cases (67%). These results correspond to the incidence of p53 alterations in Barrett's esophageal adenocarcinomas reported by Kubba et al. (23) , who reviewed publications on the subject over the last 10 years. Previous studies have shown that the spectrum of p53 gene mutations is dependent on the cancer type (34, 35) . Most of the mu- LG dysplasia, HG dysplasia, and moderately differentiated esophageal adenocarcinoma showing nuclear immunostaining for p53 (magnification, 100ϫ). B, PCR-SSCP analysis of exon 7 of the p53 gene. Mobility observed in LG dysplasia differed from that in HG dysplasia and adenocarcinoma (T). No mutation was detected in metaplasia (M). DNA from normal tissues (N) of the same patient was used as a negative control. tations occur in Exons 5 to 9, which encode the DNA-binding domain (36) . The variation found in p53 mutations concerns the position of mutational hot spots as well as the mutation type such as missense mutations (transition or transversion) and null mutations (nonsense, deletions, insertions, and splicing junction mutations). In esophageal squamous cell carcinoma as in lung carcinoma, a high frequency of G:C to T:A transversions has been observed (37) (38) (39) . This pattern has been linked to cigarette smoking or the occupational exposure to polycyclic aromatic hydrocarbons (40) . In Barrett's esophageal carcinoma, however, the mutation profile is different. In our series, in addition to G:C to T:A transversions (5/30 cases), G:C to A:T transitions were found frequently (7/30), and most of them occurred at CpG dinucleotides. Mutational hotspots at CpG dinucleotides may reflect endogenous mutagenic mechanisms, such as deamination of 5-methylcytosine to thymidine followed by a faulty repair procedure. On histological section, the simplest and most practical approach is the use of IHC to detect p53 protein accumulation. Few studies have compared the results of p53 mutation analysis to p53 overexpression by IHC in esophageal adenocarcinoma. The reported discordance between these two approaches has ranged between 21 and 41% of cases (18, 41) . The number of discordant cases in the present study (20%) is comparable to the data reported in the literature. We found that of 20 adenocarcinomas with p53 protein accumulation, 16 (80%) had p53 gene mutations. The discrepancy between IHC and mutation analysis was not due to sampling error: in this study, all of the IHC analysis was done in tissue section adjacent to those used for microdissection for p53 gene mutation analysis.
The results confirm that p53 gene mutation and/or p53 protein accumulation are common in Barrett's adenocarcinoma. One aim of this study was to determine the step at which p53 mutation occurs during neoplastic progression. p53 mutations were detected more frequently (P Ͻ 0.01) in HG dysplasia surrounding the tumor than in LG dysplasia. Furthermore, the mutations found in HG dysplasia were generally identical to those of the corresponding tumors, whereas different mutations were commonly detected in LG dysplasia. The finding of identical p53 mutations in HG dysplastic lesions and the associated tumors suggests that this genetic alteration occurs during the progression from LG to HG dysplasia. Some of the p53 mutations detected in the premalignant lesions, mainly in LG dysplasia, were different from those in adjacent adenocarcinomas. This indicates that, while the entire esophageal epithelium of an individual is exposed to dietary or environmental carcinogens, a lesion may arise from independent mutated cell clones at several different sites, some of which may eventually progress to carcinoma. It appears that p53 mutation is important in the later steps of the progression to carcinoma.
p53 overexpression occurred at a similar high frequency in the analyzed HG and LG dysplastic lesions. A high discordance rate between detection of p53 alteration by SSCP and IHC was observed in LG dysplastic lesions (7/17, 41%). The high incidence of p53 overexpression in LG dysplasia could be a consequence of the accumulation of wild-type p53 and/or the presence of p53 mutated clones, too small to be detected by SSCP analysis. In fact, only a few glands were positive by IHC in some LG dysplastic lesions in which no p53 mutations were detected. Neither p53 mutation nor p53 overexpression were observed in metaplastic lesions without dysplasia. It appears that in Barrett's esophagus p53 is not affected in the nondysplastic mucosa. These results indicate that p53 staining may have potential value for confirming a suspected diagnosis of LG dysplasia, as reported by other investigators (42) .
The prognostic significance of p53 alterations in esophageal adenocarcinoma have been studied by many groups. Casson et al. (20) reported a series of 61 patients in which p53 alterations (gene mutation and protein accumulation) occurred mainly in poorly differentiated adenocarcinoma which showed significantly reduced postoperative survival. However, Duhaylongsod et al. (43) and Coggi et al. (44) failed to find any association between p53 gene mutation or protein accumulation and survival in patients with esophageal adenocarcinoma. In this study, we found no correlation between p53 mutation or nuclear overexpression and clinicopathological parameters. p53 alterations were not associated with a poorer patient survival rate. However, it should be emphasized that these findings are based on a relatively limited number of cases, and interpretation of results concerning the association between p53 alterations and prognosis need to be confirmed in larger prospective multicenter studies (20) .
In conclusion, we found that p53 alterations are common and occur mainly during the transition from LG to HG dysplasia in the neoplastic progression of Barrett's esophagus. A minor discordance between p53 mutation and p53 accumulation was observed in tumor and HG dysplastic lesions, but this discordance was major in LG dysplastic lesions. Neither p53 mutation nor p53 protein accumulation had independent prognostic value in patients with Barrett's adenocarcinoma.
